Pilot scale experiments were performed on the digestion of dairy cow manure in a semi-continuous process using a mixed plug flow reactor (MPFR) to determine the effects of organic loading rate (OLR), temperature and mixing levels on production biogas and methane yield. Response surface methodology (RSM) was applied for the design and analysis of experiments with the optimization of OLR, temperature and mixing level during the biogas production process. Experiments were designed as per the central composite design technique. Four cubic mathematical models were derived for prediction of the responses. The optimization study has been carried out to identify the highest yields achievable when the factors temperature and mixing are minimized. In process optimization, maximum values of biogas production and methane yield were achieved as 0.570 m 3 /m 3 day and 0.113 m 3 /kgVS added, respectively, with an OLR of 3.15 kgVS/m 3 day, temperature of 37.66 °C and mixing regime of 20.32 rpm for 10 min per 2 hours.
Environmental contamination is one of the most serious problems of the world existence face in the 21 century. We are also faced with the consequences of climate change, increased global demand on fossil fuels, energy insecurity, and continual exploitation of limited natural resources 1 . The International Panel on Climate Change (IPCC) and World Energy Council (WEC) have estimated the consumption of energy in 2100 will be 3-fold and 4.2-fold higher than in 1990, providing a high demand respectively 2 .
Animal waste (such as excreta of dairy and beef cattle) is most mismanagement and underutilized, leading to many environmental problems such as surface and ground water pollution and greenhouse gas (such as methane) emissions. Thus, an efficient, economical, and ecofriendly approach to animal waste management is essential needed. The most prevalent applied animal waste management option is biotechnology of anaerobic digestion 3 . Biotechnology of anaerobic is a ecofriendly procedure that integrates waste treatment with the recuperation of advantageous by products and renewable bioenergy 1, 4 , and suggestion a its several environmental and economic advantage, it will make better the health of users, decreasing pathogen and organic waste, could be a sustainable source of bioenergy, advantages the environment and prepared a way to treatment and reuse various wastes-animal, human, agricultural, municipal and industrial 5 . Several previous anaerobic digestion studies were conducted on Taiwanese-model, which are plug-flow systems and are not heated, or contain any mixed mechanisms 6, 7 . There have been only few studies on bio-gas production were conducted on mixed plug flow reactor (MPFR) 8 . Plug-flow reactors are limited to applications with low amounts of dirt, sand, or grit, because these substances will leaning to laminate and settle out inside the reactor, requiring significant endeavor to clean out 9, 10 . After five years of operation, a plug-flow reactor in New York was discharge for a compulsive repair. During this process it was found that settled solids and crusting had decreased the operational volume of the reactor by 16% 11 . Plugflow reactors are also subject to crusting, the result of lighter solids floating to the top of the slurry in the reactor and drying to form a skin 9 . In this study, a mixed plug flow reactor set-up was used to avoid problems with a thick/rigid floating layer or large amounts of sediments. Mixing conditions are: 1) No axial mixing (in the flow direction), 2) perfect radial mixing (perpendicular to the flow direction).
According to previous research, the performance of animal waste-fed anaerobic digesters is affected by important process parameters such as the temperature 12, 13 , organic loading rate (OLR) 14 , and mixing regime 15 . In the past literature, The technique of RSM has been used to optimize, evaluate and analyze the interactive effects of autonomous agents in numerous biochemical, bioenvironmental processes and chemical , but its use to the modeling of anaerobic digestion processes and analysis has been presented only few studies 16, 17 . In this study, unlike most of the previous anaerobic digestion research, the RSM was applied to model the process and analyze with respect to the synchronous effects of four parameters (methane yield, methane production, bio-gas yield and biogas production) and three operating variables (temperature, organic loading rate (OLR) and mixing regime) were assessed as responses. The significant factors and a continual response surface of the main parameters were developed to provide an optimal area that fulfils the process specifications. The concept of RSM is that of sequential experimentation for building appropriate models that enable one to understand the engineering system. The target of RSM to accomplish a map of response, either in the form of contours or as a 3-D rendering 18, 19 . The objectives of this research were to explore the effect of temperature, organic loading rate and different mixing regime on anaerobic digestion of cow dung in mixed plug-flow reactor using response surface methodology, propose models, and try to find the optimum conditions for maximizing bio-gas production rate and methane yield.
MATERIALS AND METHOD

Substrate Collection and Preparation
Fresh cow dung used in the present study was obtained from a dairy farm with 100 cows located in Divin (a village in Hamadan Province, Iran). The dung was screened to take away coarse materials such as straws and other large fibrous materials. The screened manure was collected in a 100 L tank, diluted with water to obtain the desired solid concentration and then mixed thoroughly.
Analytical methods
Total solids (TS), total Kjeldahl nitrogen (TKN) volatile solids (VS), pH, , total organic carbon (TOC), phosphorus and potassium were distinguished pursuant to standard procedure 20 . The pH was measured applying the Metrohm 620 pH meter (Metrohm Inc., Germany). Bio-gas flow rate was measured using a diaphragm gas meter G4-AL 25cm (E.G.C Inc., Iran). Methane concentrations in bio-gas were distinguished with a Figaro TGS 2611 methane sensor (FIGARO Inc., USA).
Experimental setup
The experiment was performed in a pilotmeasure mixed plug flow reactor (MPFR) with total . An electric motor-driven, flat-bladed turbine impeller was used to mix the contents of the mixed plug flow reactor and enables smooth homogenization, re-suspension of heavier material, optimal degassing and temperature distribution. The impeller had 32 blades and operated at 20-100 rpm range. A thermostatically controlled electric heating strip attached to the outer surface of the reactor was used to maintain the temperature in the digesters at the desired levels. The glass wool was used on the surface of the reactor to be insulated and minimize the heat losses from the surface. The temperature was monitored with an excavator conjunct to a sender. The feedstock was stored in a tank and 60 L/day were fed to the reactor via an electro submersible slurry pumps. Fig. 1 shows picture and schematic of the mixed plug flow pilot-measure anaerobic digestion system.
Reactor start-up and operation
For start-up, the reactor was filled up with 900 L of feed consisting of 88% and 22% (v/v) of water and cow dung respectively (similar run 1), and was operated anaerobically at a batch mode for 16 days. The reactor was subsequently switched to continual mode at the designated HRT (15 days). The reactor was then operated according to design of experiment (DOE) for 271 days.
Experimental designs
We investigated factors influencing biogas and methane production and optimized the conditions for uttermost bio-gas and methane production and methane yield using central composite design (CCD) and response surface methodology (RSM).
Response surface methodology consists of an accumulation of statistical and mathematical techniques that are based on the fitting of an suitable empirical model, generally a first-or a second-order polynomial model, to observed responses which depend on a number of explanatory variables in order to investigate the nature of the response surface in the proximity of the optimum operating conditions and evaluate the relative importance of several affecting factors, even in the attendance of complex interactions 18, 19, 21 . Central composite design is the most popular response surface method for fitting second-order models 19, 22 , which was used in the present study to design of the experiment (DOE). Full uniformly routable central compound designs contain the following experimental runs: (1) a 2 k full factorial runs during which factors are studied at +1 and -1 levels; (2) a n c center points that all factors are at their center levels, that aids in specifying the curvature, and repetition helps to approximate pure error; and (3) a 2k axial or star points, that are exactly to center point, but one factor takes the values above and below the median of the two factorial levels, generally both outside their range (at a distance α from its center). Axial points create the design rotatable 19, 21 . Three independent factors and their levels were used in the CCD are presented in Table 1 .
Therefore, 18 experiments were conducted, according to N=k²+2k+c p , where k is the factor number and c p is the replicate number of the central point. Each factor was varied at five levels (-, -1, 0, +1, +). -values depend on the number of variables and can be calculated by. For three variable, it is 1.68 21 . Table 2 presents the coded and actual values of the experimental matrices for the application of these designs, sorted by standard order. Model parameters were estimated using a cubic equation as follows 23 :
where Y is the expected value of the response variable, k is the number of variables, β 0 , β i , β ii , β ij , β iii , β iij , β ijk , are the model parameters, x i , x j , x k are the coded factors evaluated and ε residual associated to the experiments.
The software Design-Expert (State-Ease Inc., version 7.0.0) was used to analyze the results.
RESULTS AND DISCUSSION
The characteristics of the substrate used The characteristics of the substrate (Cow dung), used for this study are as shown in Table 3 .
Central composite design and fitted regression models
The CCD for current study utilized a 2 3 =8 (i.e., three factors) full factorial design completed by 2×3=6 axial points at (±α, 0, 0, … , 0), (0, 0, ±α, … , 0), … , (0, 0, 0, … , ) and 4 center points at (0, 0, … , 0), where is the distance of the axial point from the center. Random error (standard deviation) is estimated from the center points. The choice of establishes the central composite design rotatable. The distance of the axial points from the center point is calculated by. For three-factor design variable, it is 1.68. Therefore, 18 (8 factorial points + 8 axial points + 6 center points) run were implementation to satisfy a central composite design. The RSM coded and actual design matrix, sorted by standard order, and the corresponding results of CCD experiments to distinguish the effects of the three independent variables are shown in Table 2 .
The reduced cubic correlations associated to the response in terms of coded factors distinguished by the software can be written as follows (Eqs. (2)- (5) respectively, predicted bio-gas production rate, bio-gas yield, methane production rate and methane yield and; A is organic loading rate; B is temperature; and C is mixing. The statistical significance of the model equations (Eqs. (2)- (5)) was evaluated by the Ftest for analysis of variance (ANOVA), which indicated that the regressions were statistically significant. As shown in Table 4 , the 'Prob > F' value for the models were <0.0001 (p-value < 0.05), which indicates that the models were statistically significant with a confidence interval of 99.99%. 14 ) imply that the models were significant and that there was only a 0.01% chance that a 'Model F-value' could occur because of noise. The actual and the predicted bio-gas and methane production are shown in Fig.  2 . Actual values are the measured response data for a particular run, and the predicted values are evaluated using the approximating functions generated for the models (Eqs. (2)- (5)). The adjacency of the points to the 45 ae% line shows that the models are appropriate for predicting the responses. The quality of fit of the model equations (Eqs. (2)- (5)) were expressed by the coefficient of determination (R 2 ). The coefficient of determination (R 2 ) provided the proportion of the total variation in the response variable described by the predictors included in the model. The relatively high R 2 values indicated that the reduced cubic models for the bio-gas and methane production rate, bio-gas and methane were very capable of representing the system under the given experimental domain. Adequate precision is a measure of the range of the predicted response relative to its associated error or, in other words, a signal-to-noise ratio. Its desired value is four or more 24 . The adequate precision value was found to be in the range of 18.33-29.88, which indicates good model discrimination (Table 4 ). However, low response values for the coefficients of variation (CVs) indicated good accuracy and dependability of the experiments. As a general rule, a model can be considered reasonably reproducible if the CV is not greater than 10%.
The relative contribution of each term of the independent variable to each dependent variable (i.e., the predictor) was directly measured by the respective coefficient in the fitted models (Eqs. (2)- (5)). The significance of each coefficient was distinguished by p-values (data not shown for all models). A model term with a p-value < 0.05 is considered to be significant. The coefficient estimates and significance levels (p-values) of factors for the reduced cubic model (Y 1p ) are shown in 
Interpretation of Contour plots and 3D response surfaces
Using Design Expert software, contour plots and 3D surface plots were generated to find the optimum operating conditions of the anaerobic digestion process for cow dung in a mixed plug flow reactor. Contour and surface plots are useful for establishing desirable response values. A contour plot provides a two-dimensional view where all points that have the same response are connected to produce contour lines of constant responses. A surface plot provides a threedimensional view that may provide a clearer picture of the response surface 25 . Fig. 3 and Fig. 4(a) show the three-dimensional response surfaces of biogas production rate and methane yield as well as contour plots of the relationship between different parameters at the optimized values. According to the models, interactions between variables have significant effects on the responses; therefore, results were presented and discussed in terms of interactions. Organic loading rate (OLR) and showing the effect of Temperature and OLR on bio-gas production rate at mixing=50 rpm temperature are shown to have major effects on the bio-gas production rate and methane yield, as shown in the results. The perturbation plot in Fig. 5 (a and b) shows that factors OLR, temperature and mixing affect the bio-gas production and methane yield response in a convex way. It is indicated that biogas production rate and methane yield depends more on the interaction between OLR and temperature rather than mixing. Effect of temperature on response Fig. 3 and Fig. 4(a) illustrates the effects of temperature and OLR on bio-gas production and methane yield. Increasing the temperature from 20 °C to 37.5 °C or decreasing it from about 66 °C to 55 °C has a consistent positive effect on the biogas production rate and methane yield. Therefore in the case of bio-gas production rate and methane yield, the desirable temperatures are around either 37.5 °C or 55 °C. The average volumetric bio-gas production rate for reactor operation at 20 °C (3.5 kgVS/m Nevertheless, an increase of the temperature in the reactor to 67 °C caused an instant drop in the volumetric bio-gas production and a change in the quality of bio-gas (55% methane). This result is in accordance with other investigations. Ahring, Ibrahim 12 , showed that the consequence of the temperature shift from 55 to 65 °C is a lower methane yield (165 ml/gVS day compared to 200 ml/gVS day at 55 °C).
Clearly, the anaerobic digestion is a process that is strongly dependent on temperature. On the other hand, the methane content in the biogas increased at low temperature. The methane content in the bio-gas increased from 59.3% to 63% between 55 and 20 °C (at 1.5 kgVS/m 3 day OLR), which partly counteracted the decrease in volumetric bio-gas production rate. Similar results were obtained by Alvarez and Lidén 26 , Hansen, Angelidaki 27 and Zeeman, Wiegant 28 , where the methane production rate in psychrophilic digesters is reduced compared to mesophilic and thermophilic reactors treating cow dung.
Effect of OLR on response
The effect of varying the organic loading rates on the bio-gas productivity in anaerobic digestion was studied. According to the result, digesters' performance in terms of daily bio-gas production would improve by increasing the OLR above 1.5 kgVS/m 3 day (Fig.4) . However, the digesters with higher OLR values were more sensitive. Fluctuating behavior caused difficulties in stabilizing the experiments with high VS add-up in the feed (in experiments 4, 8, 6, 2, 10 ). Similar behavior has been reported previously [29] [30] [31] . On the other hand, bio-gas and methane yields decrease with increased in organic loading rate from 1.5 to 4.2 kgVS/m 3 day (see also Fig. 4(a) ). The uttermost bio-gas and methane yield of 0.232 and 0.137 m 3 /kgVS added was obtained at 1.5 kgVS/ m 3 day OLR. These results are in accord with 31 an apparent decrease in the methane content was observed after the OLR increase. The lowest recorded value was 53.7% at 4.2 kgVS/m 3 day OLR. The observed results suggest that the uttermost OLR value occurs between 1.5 and 2.5 kgVS/m 3 day for a system digesting dairy cow dung at temperatures between 20 and 37 °C and between 2.5 and 3.5 kgVS/m 3 day for a system digesting dairy cow dung at temperatures between 37 °C and 55 °C.
Effect of mixing levels on response
The effect of intermittent mixing (20, 50, 80 rpm for 10 min per 2hr), continual mixing (100 rpm) and non-mixing on bio-gas production was investigated. Results from the present study showed that impeller mixing strategies and intensities affect process performance and bio-gas production during anaerobic digestion of dairy cow dung. Pilot-measure studies in MPFR showed that intermittent mixing improved bio-gas production compared to continual mixing or non-mixing (Fig.  4(b) ). These results are in accord with Kaparaju, Buendia 15 and Stroot, McMahon 32 . The improved bio-gas production under intermittent mixing compared to continuous mixing in the pilotmeasure plant can be attributed to better solids and biomass retention in the reactor 15 . On comparison to continual mixing, intermittent and non-mixing strategies improved bio-gas productions by 28.99% and 18.71%, respectively. On the other hand, the data obtained showed that at intermittent mixing, the degree of mixing (20, 50 , 80 rpm) did not affect the bio-gas production and operation of the reactor. For the three conditions studied, reactor operation was almost identical with similar bio-gas production. 34 . The reason of different is likely caused by the differences in manure composition and bioreactor operating conditions which affects the degradation process.
Process optimization
In order to anticipation the best factor levels that will maximize the bio-gas and methane production and yield; the optimizing function include the maximization of Y 1p , Y 2p , Y 3p and Y 4p , but it is restricted from an economical point of view (minimum temperature and mixing). A numerical optimization provided by Design-Expert was employed to the RSM dataset, followed by a ramps of the numerical optimization. The numerical study will offer the ideal factor levels to attainment the uppermost the methane and bio-gas production and yield, while the ramps of solutions tool investigation will result in a ramp that associates the factor levels to an area of main target defined by the user. In the numerical optimization, levels of significance were assigned to each factor and response criteria. Factors temperature and mixing were minimized with importance 4, while the four responses were maximized with importance 5. Factor OLR was left in the same range as the experiment of RSM. Table 6 shows the optimum anaerobic digestion operation conditions for objective according to numerical optimization by DesignExpert. As to be expected, the volumetric bio-gas production rate and methane yield decreased as the temperature was degraded. Even so, a thermophilic range of temperature causes enhancement operating costs due to upper energy consumption of the heating units. On the other hand, energy requirement for impeller mixing causes increased operating costs. Therefore an optimization study has been carried out to identify the highest yields achievable when the factors temperature and mixing are minimized.
In Fig. 6 , the ramps view shows the desirability for each factor (OLR, temperature and mixing) and each response (Y 1p , Y 2p , Y 3p and Y 4p ), as well as the combined desirability. A highlighted (red and blue) point shows both the precise value of the factor or response (horizontal movement of the point) and how well that target was satisfied (how high up the ramp). The advisability of the optimization of process was found to be 0.803, and the value is thoroughly dependent on how proximity the lower and upper limits are set relative to the real optimum. It should be noted that the optimization target is to trade a good set of conditions that will meet all of the goals, not just get to an advisability value of 1.0. Advisability is a mathematical method to trade the optimum.
Point prediction
The final step in any experiment is to predict the response at the optimal settings (Table  6 ), which allows entering levels for each factor or component into the current model. The software then calculates the expected responses and attendant confidence intervals based on the anticipation equation shown in the ANOVA output. The 95% confidence interval (C.I.) is the range in which the process average was expected to fall 95% of the time, while the 95% prediction interval (P.I.) is the range in which it was expected that any individual value to fall 95% of the time. As shown (Table 6 ), the P.I. is larger (a wider spread) than the C.I. since more scatter in individual values is expected than in averages. In this table, SE mean mention to the standard deviation attendant with the anticipation of an average value at the selected component levels, while the standard deviation associated with SE pred. demonstrate the anticipation of an individual observation at the selected factor or component levels 35 .
CONCLUSION
The optimization study has been implementation to identify the uppermost yields achievable when the factors temperature and mixing are minimized. In this process optimization, uttermost values of bio-gas production and methane yield were proceeds as 0. The influence of temperature and OLR on bio-gas production and methane yield was more significant than the influence of mixing level.
The best models for bio-gas production rate and methane yield were the reduced cubic model.
Recommendation
Biomass retention capacity is an important consideration when using a mixed plug flow reactor because anaerobes grow slowly during metabolic generation of methane. It is frequently essential to select a bioreactor configuration that decouples the hydraulic retention time (HRT) from the solids retention time (SRT). Control mixing regime is an approach for decoupling SRT from HRT. Such decoupling can maintain a significantly high SRT/HRT ratio and prevents washout of slowgrowing anaerobes. Further work is required to evaluation the effect of mixing regime on decoupling HRT from SRT in order to optimize gas production and methane yield whilst minimizing overall energy input.
